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How climate change impacts water resources in the future is an important question that all
hydrologists want to have an answer to. Climate projection scenarios are available from many
Global Circulation Models. These projection datasets are typically used as input to a
hydrological model for simulating impacts on hydrology, particularly river runoff, evaporation,
and storage changes. However, there are a number of uncertainties (e.g. choice of a GCM,
downscaling model, etc.), which make the impact assessment process complicated and heavily
restrict our ability to make predictions of hydrological impacts. We illustrate some of these
issues and their impacts on hydrological simulations using two examples from the Himalayan
region: the Koshi River basin, Nepal and the Yellow River source region, China. Climate
projections used are from a number of GCMs participated in the Coupled Model
Intercomparison Project (CMIP3). In both examples, detailed process based distributed
hydrological models are used. Overall, we conclude that an assessment of climate change
impacts based on only one GCM, one downscaling model or one emission scenario should be
interpreted with caution.
INTRODUCTION
Hydrological models are widely used as a tool for assisting water resources planning and
management. The importance of such a model is more evident than ever in the context of
climate change for assessing the impacts of the expected changes on water resources. Climate
prediction scenarios are available from many Global Circulation Models (GCMs) for the 21st
century. These prediction datasets are typically used as input to a hydrological model for
simulating impacts on hydrology, particularly river runoff, evaporation, and storage changes.
Because hydrological models are usually run on a much smaller resolutions than climate
models, the climate prediction datasets are usually downscaled to represent local climate for
using in a hydrological model. The uncertainty in the GCMs, downscaling and hydrological
models makes the process complicated and heavily restricts our ability to make predictions of
hydrological impacts. This becomes more challenging in a mountainous catchment where the
availability of hydro-climatic data is limited. In this study, we illustrate some of these issues

and their impacts on hydrological simulations using two river basins from the Himalayan
region: the Koshi River, Nepal (Fig. 1), and the source region of the Yellow River, China (Fig.
2).
METHODS AND STUDY AREAS
The climate projection data (precipitation and temperature) are from a number of GCMs
participated in the Coupled Model Intercomparison Project (CMIP3). These data sets are
downscaled using different statistical downscaling techniques for input to the impact model
(hydrological model) to derive future hydrological scenarios. Detailed process-based distributed
hydrological models are used: the Soil and Water Assessment Tool (SWAT) for the Koshi and
WaSiM (Schulla [1]) for the Yellow River. The uncertainties are expressed using either
probability density functions or box plots. For the Koshi basin, the baseline period used is from
1981-2000 and the three future periods are 2020s (2011-2030), 2055s (2046-2065) and 2090s
(2080-2099). For the Yellow river, the baseline period is 1961-1990 and the two future periods
are 2046-2065 and 2081-2100. The two study areas (river basins) are briefly described here.
The Koshi basin lies in the central Himalayan region and drains into the Ganges. It drains an
area of 57,758 km2 up to Chatara (near Nepal-India boarder). Elevations range from about 65 m
above mean sea level (amsl) in the Terai to over 8848 m amsl (the Mount Everest) with more
than 60% of the area above 3000 m amsl (Fig. 1). A significant area of the basin is under snow
and glaciers, which makes it highly susceptible to climate change. In particular the increasing
temperature trends influence the snow and glacier melts as well as crop production in the region
(Bhatt et al. [2]; Hu et al. [3]; Maskey et al. [4]). The rainfall pattern in the basin is quite
complex (Kansakar et al. [5]), but the hydro-meteorological data are scare and concentrated
mainly in the valleys and mid-hills. The basin is divided into five physiographic regions for the
analysis: the Terai Plains and Low River Valleys (< 700 m), Hills (700-1500 m), Mountains
(1500-2700 m), High Mountains (2700-4000 m) and Himalayas (>4000 m).
The Yellow river source region (up to the Tangnag hydrological station) is situated in the
northeast Qinghai-Tibetan Plateau (Fig. 1). With its drainage area of about 122,000 km2 it
generates an annual average runoff of 168 mm a-1 (35% of total runoff of the Yellow River).
This region has highly variable topography with elevations ranging from 6282 m amsl in the
west to 2546 m amsl in the east, which strongly influences the spatial variability of the local
climate (Hu et al. [6]). There are large areas covered with lakes, swamps and grassland in the
region. Mean annual precipitation ranges from 800 mm a-1 in the southeast to 200 mm a-1 in the
northwest. Although some snowpack and glaciers are present in the basin, the runoff
contribution of snow/glacier is less than 1% of the annual runoff (Yang [7]).

Figure 1. The Koshi river basin.

Figure 2. The source region of the Yellow river basin
RESULTS AND DISCUSSION
Uncertainty related to GCM projections and scenarios
The future projections from different GCMs are not the same and in some cases vary
significantly. This brings one of the major uncertainties in our effort to assess climate change
impacts on water resources. Fig. 3 shows temperature projections from 10 GCMs for two

regions of the Koshi basin. There are notable differences between projections and the
differences are wider as we look for the more distant future. In addition, there is uncertainty due
to the unknown future regarding green house gas emissions which are represented through
various plausible scenarios, e.g. A2, B1 and A1B as shown in Fig. 3. The uncertainty in the
precipitation projection is even larger – sometimes the direction of the change (positive or
negative) is also unknown (Agarwal et al. [8]).
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Figure 3. Daily maximum temperature over two regions (mountains and hills) of the Koshi
basin expressed in probability density functions for the baseline period and three future periods
(2020s, 2055s and 2090s).
Uncertainty related to downscaling
Another source of uncertainty in climate change impact assessment comes from the choice of a
downscaling model. Here we present results of precipitation downscaling over the Yellow river
source region using three different models. These downscaling models are the Statistical
DownScaling Model (SDSM) (Wilby et al. [9]), Generalized LInear Model for daily CLIMate
(GLIMCLIM) (Chandler [10]) and Non-homogeneous Hidden Markov Model (NHMM)
(Hughes and Guttorp [11]). For the three indices shown (annual total precipitation, annual total
precipitation > 95th percentile, and the maximum number of consecutive dry days), the SDSM
predicted larger changes than GLIMCLIM and NHMM. The projected changes by GLIMCLIM
and NHMM are of similar magnitude. The SDSM also showed larger spatial variability of the
projected changes across stations compared to the other two. This is probably because the
SDSM was calibrated on individual stations, while the other two on multiple stations. Note that
the SDSM has shown good performance in downscaling temperature in the same study area (Hu
et al. [12]).

Figure 4: Box plots of projected precipitation (anomalies indices: 2046-2065 minus 1961-1990)
for i) annual total precipitation (top), annual total precipitation > 95th percentile (middle) and
the maximum number of consecutive dry days (bottom). The results are based on three
downscaling models averaged for 14 stations.
Uncertainty in the assessment of hydrological impacts
All these uncertainties (GCMs, scenarios and downscaling) go into the impact model
(hydrological model) and become a part of the model’s input uncertainty. The hydrological
model has its own uncertainty, namely the model structure uncertainty and parameter
uncertainty, and all these will be reflected in the impact assessment. One example from the
Koshi basin is presented in Fig. 5, which shows the predicted changes (with respect to the
baseline period) in the water yield (runoff) and evaporation for different scenarios and future
periods. The uncertainty ranges are relatively small for the 2020s (well within +10% for
evaporation and within ±10% for runoff), which grow substantially for 2055s and 2090s,
particularly for A1B and A2 scenarios. As expected, the uncertainties are mainly dominated by
the uncertainty in precipitation.
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Figure 5. Expected changes (%) in precipitation (top), water yield (middle) and evaporation
(bottom) for three future periods with respect to the base line period (1981-2000) in the Koshi
river basin.
Another example is presented for the Yellow river source region in Fig. 6. The results presented
are analyzed on the annual basis. The range of annual variations of precipitation and
temperature are higher for 2081-2100 than for 2046-2065. The projected increases in
temperature for 2081–2100 tend to scale with the emission scenario, i.e. the larger the
greenhouse gas forcing, the stronger the response (generally most intense in the A2, followed
by the A1B and B1 scenarios). However, the same does not hold true for 2046–2065, where in
some cases the projected changes for the middle of the 21st century are stronger in the A1B
scenario than in the A2 scenario. Similar to temperature and precipitation, projected changes in
the annual runoff and evaporation are in general higher for the period 2081-2100 than 20462065. As in the Koshi basin, the uncertainty in the runoff are largely dominated by the
uncertinty in the precipitation.

Figure 6. Expected changes in temperature and precipitation (top), river discharge (middle) and
evaporation (bottom) for two future periods with respect to the base line period (1961-1990) in
the source region of the Yellow river basin
CONCLUSIONS
There is high variability among the models and scenarios for projections of climatic and
hydrological variables, and the variability increases with future time periods. Although there is
strong agreement in the direction of the projected changes (particularly true for temperature),
there is large uncertainty in the magnitude of the changes. The choice of a GCM and
downscaling model is likely constitute a large part of the total uncertainty in the hydrological
impact assessment. Overall, we conclude that an assessment of climate change impacts based
on only one GCM, one downscaling model or one emission scenario should be interpreted with
caution.
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